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[57] 


ABSTRACT 


A miniaturized and thin slot antenna device maintains high 
transmitting and receiving performance by improving the 
configuration of an antenna body and a circuit substrate. The 
slot antenna device includes an antenna body made of an 
electrically conductive member having a slot into which the 
circuit substrate is placed. Alternatively, the slotted, electri- 
cally conductive member can be placed flat on a first surface 
of the circuit substrate, which can contain a reflector on its 
second, opposite surface. The slot antenna device also can be 
constructed from two parallel opposed, electrically conduc- 
tive members spaced apart by a gap so mat a slot is defined 
by outer peripheries of the electrically conductive members. 
The electrically conductive members can be provided on 
opposite surfaces of a circuit substrate. 

35 Claims, 28 Drawing Sheets 
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SLOT ANTENNA DEVICE AND WIRELESS *» ^^^^^^^^^^ 

APPARATUS EMPLOYING THE ANTENNA in a direction so that the bend hoc intersects (e.g.. is 

Devt CE perpendicular to) the slot For example, one bend can be 

formed in the plate to form an L-shape so thai the slot faces 

Trus is a continuation of appUcaUonSer. No. 08/583.527 5 in two directions. Alternatively, two bends are fanned in the 

filed 5 19%nowaba^ electrically conductive plate to form a U-shape so thai the 

No r^l9 m^Mar 28 1994 now abandoned. slot faces in three directions. As a third alternative, four 

Ser. No. 08/219.165 filed Mar. ZS. 1W. now aoanco ^ ^ fonncd m At dectrically conductive plate so that 

BACKGROUND OF THE INVENTION the electrically conductive plate is rectangular shaped with 

in the slot facing in four directions. 

1. Field of the Invention According to another aspect of the invention, the overall 
The present invention relates to an antenna device for use si2C of ^ antenna device is thinned by placing the dectri- 

with a portable wireless apparatus such as, for example, a c^jjy conductive plate (having a slot) opposite to (e.g.. 

pager. More particularly, the present invention pertains to a parallel to and opposed to) a surface of the circuit board 
slot antenna device of the type that can be housed in a case j 5 containing the wireless apparatus circuit, 

and also to a wireless apparatus employing the antenna Additionally, two bends can be formed in the electrically 

device. conductive plate so that the electrically conductive plate has 

2. Description of Related Art two leg portions and a connecting portion, with the slot 
Conventionally, portable wireless apparatus such as per- facing in three directions. One leg portion is located on a top 

table telephones have employed a monopole antenna, an 20 surface of the circuit board, the other leg portion is located 
inverted F type antenna and so on. while devices such as adjacent to the circuit board bottom surface, and the con- 
pagers have employed a fertile antenna, a small-loop necting portion is located along the outer peripheral side of 
antenna, a plate type loop antenna and so on. The radiation the circuit board. Additionally, bends can be provided near 
efficiency or reception efficiency of an antenna, however, is the ends of both leg portions so that the ends bend toward 
determined by the ratio of the wavelength of electric radia- 25 and are attached to the top and bottom circuit board surfaces, 
tion employed and the size of the antenna. Accordingly, a respectively. 

small antenna, as can be employed in a pager, must be used According to another aspect of the invention, the electri- 
at a high frequency, and therefore it is impossible to realize caily conductive member formed with a slot can be attached 
a pager mat can be used in the FM band and so on. Since a to a first surface of a circuit board and a reflective plate 
loop antenna, for instance, requires a large aperture in order 30 (reflector) can be provided on an opposite surface of the 
to be usable in the FM band, it cannot be employed in a circuit board. 

pager. The electrically conductive member and the reflector can 

be formed by bending one electrically conductive plate 
SUMMARY OF THE INVENTION its lcngth ^ Wo ^nd locations. A dielectric material 

Takmg me above-mentioned p^^ " also can be filled between ^^^8 portion ofth^ 

an object of the invention is to provide a slot antenna device electrically conductive member and the reflector, and also in 
that is suitable for being housed in a small, thin case while the slot. 

maintaining high transmission and reception performance. According to another aspect of the invention, in order to 
and a wireless apparatus employing this antenna device, by ^ decrease the number of parts, facilitating nuniaturization. 
improving the configuration of the antenna body and the the electrically conductive member can be a conductor 
circuit substrate placed in the wireless apparatus together pattern formed on the circuit board instead of a separate 
with the antenna. metal plate that must be attached to the circuit board. 

In order to achieve the above and other objects, according When a reflector is provided. U is preferred that the 
to the invention, there is provided a slot antenna device 45 reflector be larger in area than the slot-containing portion of 
suitable for being housed in a case. According to a first the electrically conductive member. This is facilitated easily 
aspect of the invention, the slot antenna device has a slot by forming the reflector from a conductor pattern formedon 
antenna body comprised of an electrically conductive plate the bottom surface of the circuit board. When a circuit board 
formed with a slot therein, and a circuit substrate (e.g., a is a multi-layer substrate with a plurality of etectncally 
circuit board) in which a wireless apparatus circuit capable so conductive layers, it is possible to form the electrically 
of performing transmitting and/or receiving through the slot conductive member and the reflector from conductor pat- 
antenna body is formed, wherein the circuit substrate is terns formed on two of the electrically conductive layers, 
inserted in the slot Because the antenna body according to According to another aspect of the invention, a slot 
the invention is a slot antenna, it is sensitive to magnetic antenna is formed from a pair of electrically conductive 
components. Accordingly, since this antenna can be 55 members opposed and spaced from each other so as to define 
expected to have improved sensitivity when fitted on a a gap between them. The gap between the electrically 
human body, it is appropriate for use as a portable antenna conductive members defines a slot that extends around the 
device, for example, in a pager. Since the circuit board is outer peripheral sides of the electrically conductive mem- 
inserted in the slot the wavelength of received signals can bcrs. A short circuit portion (a connecting portion) is formed 
be shortened, in much the same way as occurs when a 60 between the dectrically conductive members to electrically 
dielectric material is filled in the slot of a slot antenna. connect the electrically conductive members to each other at 
Therefore, even a small-sized antenna body can receive a predetermined position along their outer peripheral sides, 
electromagnetic waves having relatively long wavelength This forms a thin antenna body. Because the slot opens 
(Le,. low frequency). outward (i.e., the slot extends in all directions of the plane 

It is preferred that the slot have an aperture that faces in 65 containing the electrically conductive members), the 
two-directions or in four-directions. This is achieved by antenna body has an improved directivity. It is preferred to 
forming a bend in an electrically conductive plate in which provide approximately in the center in the lengthwise drrec- 
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tion of the slot, a tuning capacitance dement for electrically terminal of the wireless apparatus circuit can be provided on 

connecting with both electrically conductive members. The both sides of the slot Alternatively, a feed point to two 

tuning capacitance element can be. for example, a chip terminals of a wireless apparatus circuit comprised of a 

capacitor or a tuning varactor diode. It is also preferred that balanced circuit can be established on both sides of the slot 

at least one of the electrically conductive members have an 5 nnwm ^ r _^, TWW ^^. _„ __ 

outer periphery bent toward me other electrically conductive BWEF DESCRIPTION OF THE DRAWINGS 

member. The invention will be described in detail with reference to 

A circuit block containing a wireless apparatus circuit can the following drawings in which like reference numerals 

be placed between the electrically conductive members to refer to like elements and wherein: 

provide a compact structure. In order to prevent excessive to FIG. 1A schematically illustrates the structure of an 

noise, an aperture preferably is farmed in each conductive antenna body in an antenna device according to a first 

member at a location opposed to an area where the wireless embodiment of the present invention; 

apparatus circuit is located. PIG. IB illustrates the configuration of the FIG. 1A 

Alternatively, it is possible to form an aperture in a antenna body and a circuit substrate, which can be provided 

location opposed to an area where the wireless apparatus 15 in a portable wireless apparatus; 

circuit is located in only one of the electrically conductive FIG. 2 is a block diagram of a super heterodyne receiver 

members . A display panel can be provided on the top side of circuit in which the antenna device illustrated in FIG. 1A can 

the wireless apparatus circuit and can be viewed through the be included; 

aperture so that it is possible to watch the information pj G 3^ a Wock diagram of a wide-band receiver circuit 

displayed on the display panel without being obstructed by 20 ^ whJch ^ ^Kima device illustrated in FIG. 1A can be 

the electrically conductive member. With this structure, the included; 

electrically conductive ^member on the sideon which the nG 4A fc fl bask stnjcture of mc dot ^ 

aperture is formed constitutes a case main body and defines illustrated in FIG 1A' 

one surface of the antenna device, while the electrically _^ .„ . ' „ , . . 

conductive member on the other side (which does not * . ™- * « ■ Pjf Parana* *e directivity character- 
include an aperture) constitutes a cover member that covers lsUcs of Ha antenDa; 

the back of the case main body. A spacer is placed between FIG. 5 illustrates the configuration of an antenna body In 

the conductive members to maintain the slot by insulating 8 portable wireless apparatus (slot antenna device) and a 

the case main body from the cover material. circuit substrate that can be provided in a portable wireless 

In accordance with another aspect of the invention, in 30 a PP^ us to a fost modification of the first 

order to provide an even thinner structure, the pair of embodiment, 

electrically conductive members which are opposed to each FKJ- * illustrates the configuration of an antenna body in 

other and separated by a gap so as to define a slot between a portable wireless apparatus (slot antenna device) and a 

their outer peripheries, the electrically conductive members circuit substrate according to a second modification of the 

are formed on oppositely facing surfaces, respectively, of a 33 first embodiment; 

circuit substrate such as a circuit board that contains a FIG- 7 illustrates the structure of an antenna body in a 

wireless apparatus circuit The thickness of the circuit board portable wireless apparatus (slot antenna device) according 

defines the slot width. A tuni ng capacitance element such as to a third modification of the first embodiment; 

a chip capacitor or a tuning varactor diode, for electrically FIG. 8 illustrates the configuration of an antenna body in 

connecting with both electrically conductive members can 40 a portable wireless apparatus (slot antenna device) and a 

be formed 00 the circuit board at about the center of the slot circuit substrate that can be provided in the portable wireless 

length as measured from the connecting portion. A through- apparatus according to a second embodiment of the inven- 

hole in the circuit board can be provided to electrically tion; 

connect the tuning capacitance element to both electrically FIG. 9 illustrates the configuration of an antenna body in 

conductive members. a portable wireless apparatus (slot antenna device) according 

At least one of the electrically conductive members can be to a first modification of the second embodiment; 

formed of an electrically conductive pattern formed on the FIG. 10 illustrates the configuration of an antenna body in 

circuit board in which the wireless apparatus circuit is a portable wireless apparatus (slot antenna device) and a 

formed. x circuit substrate according to a second modification of the 

Alternatively, at least one of the electrically conductive second embodiment; 

members can be fixed to a conductive pattern formed on the FIG. 11 illustrates the configuration of an antenna body in 

circuit board. The electrically conductive member can be an a portable wireless apparatus (slot antenna device) and a 

electrically conductive wire. The electrically conductive circuit substrate according to a third modification of the 

member also can be made of a planar electrically conductive M second embodiment; 

plate. The plate can be provided with a side part bent on its FIG. 12 illustrates the configuration of an antenna body in 

outer peripheral side or with a terminal a portable wireless apparatus (slot antenna device) and a 

The electrically conductive members can be placed on an circuit substrate according to a fourth modification of the 

area of the circuit board adjacent to the wireless apparatus second embodiment; 

circuit 60 FIG. 13 illustrates the configuration of an antenna body in 

The short circuit (connecting) portion also can be formed a portable wireless apparatus (slot antenna device) according 

in a through-hole of the circuit board. Furthermore, prefer- to a third embodiment of the invention; 

ably the electrically conductive members are located along FIG. 14 illustrates the configuration of an antenna body in 

the edge of the circuit board. a portable wireless apparatus (slot antenna device) and a 

In such a slot antenna device, a first feed point to a 65 circuit substrate mat can be provided in a portable wireless 

terminal of a wireless apparatus circuit comprised of an apparatus together with (be antenna body according to a first 

unbalanced circuit, and a second feed point to a ground modification of the third embodiment; 
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PIG 15 illustrates the configuration of an antenna body in FIG. 34 is a block diagram of an antenna circuit and a 

a portable wireless apparatus (slot antenna device) and a wireless apparatus circuit of the antenna body illustrated in 

circuit substrate that can be placed in a portable wireless FIG. 33; 

apparatus together with the antenna body according to a FIG. 35 illustrates the structure of an antenna body 

fourth embodiment of the invention; 5 according to an eighth embodiment of the invention; 

FIG. 16 illustrates the configuration of an antenna body in FIG. 36 Illustrates the structure of an antenna body 

a portable wireless apparatus (slot antenna device) and a according to a first modification of the eighth embodiment; 

circuit substrate according to a first modification of the FIG. 37 illustrates the structure of an antenna body 

fourth embodiment; according to a second modification of the eighth embodi- 

FIG. 17 illustrates the structure of a main part of a 10 ment; 

portable wireless apparatus (slot antenna device) according FIG. 38 illustrates the structure of an antenna body 

to a fifth embodiment of the invention; according to a third modification of the eighth embodiment; 

FIG. 18 is a graph showing the directivity characteristics FIG. 39 illustrates the structure of an antenna body 

of the portable wireless apparatus (slot antenna device) 15 according to a ninth embodiment of the invention; 

illustrated in FIG. 17; FIG. 40 illustrates the structure of an antenna body 

FIG. 19 illustrates the structure of a main part of a according to a first modification of the ninth embodiment; 

portable wireless apparatus (slot antenna device) according and 

to a first modification of the fifth embodiment; FIG. 41 illustrates the structure of an antenna body 

FIG. 20A illustrates the operation of the portable wireless 20 according to a second modification of the ninth embodiment, 

apparatus (slot antenna device) shown in FIG. 17; DETAILED DESCRIPTION OF PREFERRED 

FIG. 20B Illustrates the operation of the portable wireless EMBODIMENTS 

apparatus (slot antenna device) shown in FIG. 19; embod ^ flts axMogU>Qavnscotime ^n 

FIG. 21 illustrates the configuration of an antenna body in ^ ^ ^ expired with reference to the attached drawings. In 

a portable wireless apparatus (slot antenna device) and a f £ embodimeats ^ mtaaa body is formed in a 

circuit block placed in the portable wireless apparatus ^ ^ WQStiIutcs a p^^ ^tenr* device of the type 

together with the antenna body according to a second houscd in a ^ for use in such apparatus as a pager, a 

modification of the fifth embodiment; portable wireless telephone, a radio, a transceiver, a pocket 

FIG. 22 illustrates the structure of an antenna body in a 30 yy, or a card-type pager, for example. Although specific 

portable wireless apparatus (slot antenna device) according embodiments that utilize circuit boards are described, other 

to a third modification of the fifth embodiment; types of circuit substrates such as flexible circuit boards or 

FIG. 23 illustrates the configuration of an antenna body in ceramic substrates may be used. Additionally, the dectri- 

a portable wireless apparatus (slot antenna device) and a cally conductive members can be metal plates, conductor 

circuit block according to a fourth modification of the fifth 35 patterns or wires, for example, as will become apparent 

embodiment; Further, the wireless apparatus circuits can be a transmitting 

FIG. 24A illustrates the structure of an antenna body in a circuit, a receiving circuit, or a circuit mat transmits and 

portable wireless apparatus (slot antenna device) according receives, 

to a fifth modification of the fifth embodiment; First Embodiment 

HG 24B is a graph showing the directivity characteristics «> ™- 1A illustrates schematically thcsmicture of an 

~f mr i*aa<2£Zt?< antenna body in an antenna device according to a first 

of the FIG. 24A structure, embodiment FIG. IB shows the configuration of the 

FIG. 25 is an exploded view of a wnstwatch-type portable afltcnna bodyaDdA substrate, such as. for example, 

wireless apparatus loaded with the antenna body illustrated a dfcuit which ^ ^ m a portable wireless 

in FIG. 24A viewed from the back; 43 apparatus together with the antenna body. 

FIG. 26 is an exploded view of a wristwatcb-type portable , ^foe first embodiment, an antenna body 11a of a portable 

wireless apparatus according to a sixth modification of the / ,^^5 apparatus (slot antenna device) is comprised of a 

fifth embodiment; I band-like electrically conductive plate member 111 that has 

FIG. 27A illustrates an unbalanced circuit formed in the ' a slot 112 formed in the lengthwise direction across the 

portable wireless apparatus illustrated in FIGS. 17. 19, 21, 50 center of the band-like electrically conductive plate 111. 

22. 23, 24A. 25, 26; \ This antenna body 11a functions as a slot antenna. The 

FIG. 27B illustrates a balanced circuit formed in the FIG. 1 electrically conductive plate 111 has tenninals 111a to XUd 

17 19 21, 22, 23. 24A. 25. 26 portable wireless apparatus; j projecting perpendicular from the edge of slot aperture 112. 

FIG 28 illustrates the structure of an antenna body The antenna body 11a with such a juncture is contained Un 

acc^nftoa^m^inbc^Tof invention; * a case of a wireless apparatus together with a circuit board 

according to a srxm ernoouimcm 01 mc iuvcuuuu, (which can be. for example, a copper-dad glass cpoxy 

FIG. 29 illustrates the structure of an antenna body 1,^^ in which is i~£ a wireless apparatus circuit 

according to a first modification of the sixth embodiment; whkh transmitting and/or receiving is performed. 

FIG. 30 is a block diagram of an antenna circuit and a ^ ^ cjubodrnKnt, when the antenna body 11a and the 

wireless apparatus circuit of the antenna body illustrated in ^ c j rcu j t board 12 are contained in a case of a wireless 

FIG. 29; apparatus, as shown in FIG. IB, the circuit board 12 is 

FIG. 31 illustrates the structure of an antenna body inserted in the slot 112 of the antenna body 11a. Since each 

according to a second modification of the sixth embodiment; 0 f mc terminals 111a to Ilia" is located adjacent to a surface 
FIG. 32 is an exploded view of the antenna body fllus- of the circuit board 12 in this state, the antenna body 11a and 

trated in FIG. 31; 65 the circuit board 12 can be held together by fixing each of 
FIG. 33 illustrates the structure of an antenna body the terminals 111a to Ilia" on a conductor pattern of the 

according to a seventh embodiment of the invention; circuit board 12, by means of soldering, for example. 
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A wireless apparatus circuit having a tuning capacitance shows a directivity characteristic shaped lite a FIG. 8 to a 
element, a feed circuit or a receiving circuit and so on are perpendicular polarization, as shown in FIG. 4B. This con- 
formed on circuit board 12. For example, the te rminals 111a figuration is the same as the directivity characteristics that a 
and Ulb can be electrically connected with the tuning dipole antenna placed in a level position shows to a level 
capacitance element, while the feed circuit or the receiving 5 polarization. That is, the antenna body 11a functions as an 
circuit can be electrically connected between the terminals antenna sensitive to magnetic components in the long direc- 

Ulc and Hid. If the feed circuit or the receiving circuit is tion 0 l^ c sl ° t } 1Z # . . , . A . tU 

, . . , - - t-rm ,- f ..i .u, t—i In this embodiment, the circuit board 12 is inserted in the 

an unbalanced circuit cither the terminal IIU or ^termi- U2 of the antenna body Ua. This results in a dielectric 
nal llld is made to be at ground electric potential. On the «™ XTepoxV) tovfcg a, rektive dielectric 
o^er hand, if d« feed circuit or the receivmg arcuit u a to ^Jf^Bt^ZSu^usc^ circuit 
balanced circuit, the terminals 111c and llld are each ^ u mcludes ^ AccQrding)yi 
dectncaliy connected with a balanced input terminal of the reccivcd dgna|s m shortened in proportion to 
circuit. In order to realize impedance matching of the ^ root of ue constant of the dielectric 
antenna body 11a and the wireless apparatus circuit, U is material in the slot 112, and the effective length of the 
necessary to move the position of the feed point of the 15 antenna body 11a is increased. As a resuh, signals of long 
antenna body 11a from the connection position of the tuning wavelength can be received even if the antenna body 11a is 
capacitance element. Therefore, the terminals 111a and 111b miniaturized and thinned. Conversely, with respect to sig- 
and the terminals 111c and llld are formed in relatively nals having the same wavelength, the antenna body 11a can 
distant positions, and the distance is determined by the be miniaturized and thinned compared to conventional 
electrical characteristics of the antenna body Ua and the 20 dipole antennas, for example. Accordingly, a portable wire- 
wireless apparatus circuit less apparatus can be made as a notebook-type portable 
If the portable wireless apparatus in which the antenna device and can be contained inside a wristwatch case, for 
body 11a is used is a fixed frequency receiver, as shown in example. 

FIG. 2. for instance, a single super heterodyne circuit 120 is Although the slot 112 of this embodiment is formed by 

provided in the wireless apparatus circuit In this circuit the 25 cutting out the center of the electrically conductive plate 111. 

receiving frequency in the antenna body 11a is selected by it is possible to bend a metal wire material (into the shape of 

its own electrical characteristics and those of the tuning a loop, for example) and to use the inside of the bent metal 

capacitance element 121 connected with the antenna body wire as the slot 112. Additionally, instead of holding 
11a across the slot 112. A connection circuit 122 is formed . together firmly the terminals Ilia to Hid in fixing and 

in the next stage of the tuning capacitance clement 121, and 30 connecting the antenna body 11a and the circuit board 12. it 

the connection circuit 122 aligns an amplification circuit 123 is possible to directly solder the inner peripheral edge of the 

in the next stage and an antenna circuit comprised of the slot 112 of the electrically conductive plate HI on the 

antenna body 11a and the tuning capacitance element 121. conductor pattern of the circuit board 12. 

In the next stage of the amplification circuit 123, a frequency First Modification of the First Embodiment 

conversion circuit 124 is formed that converts the frequency 35 FIG. 5 illustrates the configuration of an antenna body in 

of received signals based on signals from an oscillating a portable wireless apparatus (slot antenna device) according 

circuit 126. In the next stage, a demodulating (Le,. decoder) to a first modification of the first embodiment Note that 

circuit 125 is provided to demodulate (decode) the received since in this embodiment and the following embodiments 

signals the frequency of which was converted. the basic structure is the same as in the first embodiment the 

When a wireless apparatus in which the antenna body 11a 40 same reference numerals are used to identify parts having a 

is used is a receiver having a wide frequency range (wide common function, and the detailed explanation and Ulustra- 

area receiver), as shown in FIG. 3, for instance, a receiving tion will be omitted. 

circuit with a wide frequency range (wide area receiver) 134 An antenna body lib in this embodiment has a bent part 

is formed in the wireless apparatus circuit In this circuit the 113 in the lengthwise center of an electrically conductive 

receiving frequency of the antenna body 11a also is selected 45 plate 111. The electrically conductive plate 111 is bent at a 

by its own electrical characteristics and by those of a right angle in a plane direction of the plate 111 at the bent 

varactor diode that functions as a tuning capacitance element part 113, and forms an L shape having a portion 119a 

131a, 13 lb connected with the antenna body 11a across the extending in the Y direction and a portion 110* extending in 

slot 112. In the next stage of the varactor diode 131a, 131b, the X direction. A circuit substrate 12 (copper-clad glass 

a connection circuit 132 and an amplification circuit 133 are 50 epoxy laminate) in which a wireless apparatus circuit is 

provided. In the next stage of the amplification circuit 133. formed is inserted in a slot 112. which opens in two 

a frequency conversion circuit 134 to convert the frequency directions. Since in this embodiment the dectricalfy con- 

of received signals based on the signals from an oscillating ductive plate 111 does not have terminals, the inner peripb- 

arctrit 136. and a demodulating circuit 135 to demodulate era! edge of the slot 112 of the electrically conductive plate 

the output signals arc formed. Furthermore, a level detection 53 111 and the circuit board 12 are directly soldered to each 

circuit 137 to detect a signal level after the frequency other. 

conversion, and a tuning voltage build-up circuit 138 to In the antenna body lid constructed in this way, since it 

control the voltage applied to the tuning capacitance element is bent in an L shape, the slot 112 faces in two 

131a, 1316 in such a way as to maximize the signal level (perpendicular) directions. Accordingly, the antenna body 

based on the detection result are formed. The anode of the 60 lib in this embodiment has a high sensitivity to both X and 

tuning capacitance element 131a. 131b (varacator diode) Y directions. Additionally, since the antenna body lib can 

\ can be made to be ground electric potential without disturb- delect both a vertical polarization and a horizontal polariza- 

\ ing the balance by making one end of the antenna body 11 tion with the circuit board 12 as a standard face, the antenna 

a ground (earth) electric potential body lib can detect magnetic components and can also 

In the portable wireless apparatus formed in this way. as 65 detect electrical components perpendicular to the magnetic 

shown in FIG. 4A. if the antenna body 11a is placed so that components at right angles. Hence, this antenna device has 

the circuit board 12 extends in the XY plane direction, it a high sensitivity. 


06/28/2004, EAST Version: 1.4.1 


5,757,326 

9 10 

The antenna body lib formed from the bent clectricaUy embodiment, a circuit board 12 in which a wireless appa- 
conductive plate Ul can be lengthened within the space that ratus circuit is formed is inserted in a slot 112; however. Die 
the circuit board 12 occupies (that is. it is longer than the UlustratioD of the circuit board is omitted in FIG. 7 for 
FIG. 1 body 11a for similarly sized circuit boards due to the simplicity. 

bend), therefore it can receive electromagnetic waves in the 5 The antenna body lid formed in this way is bent in four 
frequency band of relatively long wavelength. places, therefore the antenna body lid can be further length- 

In this embodiment, the end of the antenna body lib cne< j without enlarging the circuit board 12. Additionally, 
projects from the circuit board 12 to the outer periphery. As ^ antenna body lid can be fixed firmly on the circuit board 
shown by a dotted line in FIG. 5. it is possible to contain the |£ ^ j^nna body lid can be ring-shaped by connecting 
antenna body 11* completely within the circuit board 12 to cnds ultf ^ m y- ^ ^ casc the length of the slot 112 is 
without changing the configuration of the antenna body Ub determined according to the frequency and wavelength of 
and the slot 112 by forming a notch 12a in the circuit board clcctromagDC tic waves to be transmitted or received. 
12. which will receive the end of the antenna body lib. Of course, it also is possible to form a rectangular shaped 
Alternatively, the antenna body lib can be connected at the bending a plate 111 in three locations. / 

surface and back of the circuit board 12 making use of a is ^T£l bodil i nt K 

through-hole of me drcuitboard 12. Such a structure can be configuration of an antenna body of 

appUedto the first ernbodunent and to its modifications a ^7^ appaX^Tantenna device) according 
StlSlS'ofThe First Embodiment to a second cmbooimen t, and a circuit board 

KG 6 iCua*s the configuration of an antenna body in 20 An antenna body 21a of a portable wire ess apparatus 
a portable wireless apparatus^ antenna device) according (slot antenna device) also includes an elecmcaUy conductive 
toTsecond modificatioVof the first embodiment, plate member 211 that has a slot 212 formed across |<he 

An antenna body 11c in this embodiment has two bent center of the electrically conductive plate 211. This structure 
parts 113a and 113b in the electrically conductive plate 111. also functions as a slot antenna. The electncaUy conductive 
At each of the bent parts 113a and U3b the clectricaUy 23 plate 211 has four terminals 211a to llld projecting from its 
conductive plate Ul is bent at a right angle to the plane of outer peripheral edge. The antenna body 21a with such a 
plate Ul, and has a portion 110a (a first leg portion) structure is contained in a case of a wireless apparatus 
extending in the Y direction, a portion 110b (a connecting together with a circuit substrate (board) 22 (oopper-clad 
portion) extending in the X direction, and a portion UOc (a glass epoxy laminate) in which a wireless apparatus circuit 
Second leg portion) extending again in the Y direction. 30 is formed through which transmitting and/or receiving is 

A circuit substrate 12 in which a wireless apparatus circuit performed, 
is formed is inserted in a slot 112 of the antenna body He. In this embodiment, the antenna body 21^ is placed 
In this ernbodirnent, since the clectricaUy conductive plate parallel to the circuit substrate 22. In this state, by soldering 
Ul also does not have terminals, the inner peripheral edge each of the terminals 21la to 2Ud to a conductor pattern of 
of the slot 112 of the electrically conductive plate 1U and 35 the circuit substrate 22. the antenna body 21a is fixed on the 
the circuit board 12 are directly soldered to each other. circuit substrate 22 and is electrically connected with a 

Since the antenna body lie formed in this way Is bent in tuning capacitance element and the wireless apparatus cir- 
two places, the antenna body lie can be lengthened further cuit formed on the circuit substrate, 
without enlarging the circuit board 12. Accordingly, the The antenna body 21a constructed in this way, being 
antenna body 11c is appropriate for transmitting and/or 40 extremely thin, is appropriate for bang placed in a thin 
receiving electromagnetic waves in the frequency band of portable wireless apparatus, such as card-type pager or a 
relatively long wavelength. Moreover, because the antenna pocket TV. for example. Additionally, the condurtcr pattern 
body lie and the circuit board 12 are fixed at the parts U0a formed in the circuit substrate 22 functions as a reflecting 
and lite extending in the Y direction and the part 110b plate located at the back of the antenna body 21a. The 
extending in the X direction, the circuit board 12 does not 45 reflecting plate results in the antenna body 21c .havingahigh 
become separated from the antenna body lie even when sensitivity to electromagnetic waves directed from the top of 
impact and so on are applied thereto. Ibe antenna body 21a. 

iTtbis embodiment, if the antenna body 11c is placed When the terminals 211a to 21U are not provided, the 
along the outer peripheral edge of the circuit board 12 (for electrically conductive plate 211 and the conductoi : pattern 
example, if portions UOo-UOc were located along respec- 50 of the circuit board 22 can be directly soldered to each other, 
tiveperipheral edges of board 12), the antenna body lie can In this case, the tuning capacitance element is placed on the 
be lengthened even further and is advantageous for trans- outer peripheral side of the electncaUy conductive plate 211. 
rnitting and/or receiving electromagnetic waves in the fre- or on the top of the slot 212 or on the top of the electncaUy 
quency band of relatively long wavelength. Since tuning conductive plate 211. 
frequency is c^terrnined by me leng^ 55 First Modification of Second Embodiment 

slot 112, the length of the antenna body Uc and the length In the second embodiment, the antenna body 21a can be 
and/or width of the circuit board 12 are set depending on the joined to the circuit board 22. Alternatively, as in an antenna 
oTu^ tmung frequency. body 21b shown in FIG. 9. it is possible to project totals 

Third Modification of The First Embodiment 211eto2UA downwardly from the periphery edge of the slot 

FIG 7 schematicaUy Ulustrates the structure of an antenna 60 212 and to solder the terminals 2Ue to 211b on the con- 
body of a portable wireless apparatus (slot antenna device) ductor pattern of the circuit board 22. In thfc s case, since a 
according to a third modification of the first embwhmenL gap can be formed between the circuit board 22 and the 
An antenna body tid in this embodiment has four bent antenna body 21. a circuit element can be mounted between 
parts 113a, 113b. 113c and 113d on the electrically conduc- the circuit board 22 and the antenna body 2U>.ln other 
live plate 1U. The electricaUy conductive plate Ul is bent 65 words, the ininiatiirization of the circuit board 22 can be 
at a risht angle to the plane of plate IU at each bent part to realized by making use of the gap between the antenna body 
form an approximately rectangular configuration. In this 21b and the circuit board 22 as a space for mounting parts. 
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Second Modification of the Second Embodiment An antenna body 21/ of this embodiment has two bent 

As in an antenna body 21c shown in FIG. 10. it is possible parts 213a and 2136 in two places along the length of an 

to project terminals 211? to 21 1A downward from the inner electrically conductive plate 211 in which a slot 212 is 

peripheral edge of slot 212. and to bend an end 210 of the formed. The electrically conductive plate 2H is bent at a 

electrically conductive plate 211 in an L shape. The terrai- 5 right angle to a plane of plate 211 at the bent parts 213a and 

nals 211* to 2llh and the end 210 are soldered on an 213b. Accordingly, the antenna body 21/has a top 210a (first 

electrically conductive pattern of the circuit board 22. leg portion) extending In the X direction, a side 210b 

In the antenna body 21c formed in this way, it is possible (connecting portion) extending in the Z direction and a 

to mount parts between the antenna body 21c and the circuit bottom 210c (second leg portion) extending in the X direc- 

board 22 and their bond strength improves. In the antenna 10 tion. In this embodiment, only the top 210a of the electri- 

body 21c, both the detection of magnetic components by a cally conductive plate 211 has the slot 212. and the other 

mode functioning as a slot antenna and the detection of parts do not have a slot 

electric components by a mode functioning as an inverted F The bottom 210c acts as a reflecting plate for the top 210a 

type antenna can be carried out by making the conductor in which the slot 212 is formed. Hence, high sensitivity to 

pattern on which the end 210 is soldered ground electric is electromagnetic waves is provided from the top side. In the 

potential and by adjusting the position of a feed point to the antenna body 2lf, by inserting a circuit board in which a 

antenna body 21c by controlling the positions of the termi- wireless apparatus circuit is formed in the slot 212. it is 

nals 211c to 211A. possible to obtain the same effect as when the slot 212 is 

Third Modification of Second Embodiment filled with a dielectric material as detailed above with 

FIG. 11 illustrates the configuration of an antenna body in 20 respect to the first embodiment A circuit board 22 can be 

a portable wireless apparatus (slot antenna device) according placed between the top 210a and the bottom 210c, when it 

to a third modification of the second embodiment is preferred to apply electrical ground potential to the bottom 

In an antenna body 2ld in this embodiment an elcctri- 210c. 

cally conductive plate 211 is placed parallel to a circuit The antenna body 21/" can be composed of separate parts 

board 22. and a conductor pattern formed in the circuit board 25 by connecting the top 210a, the side 2106. and die bottom 

22 is used as a reflecting plate. The antenna body 2ld has 210c by means of screw connectors, solder, etc. 

two bent parts 213a and 213b in two places in the lengthwise First Modification of Third Embodiment 

direction of the electrically conductive plate 211. The elec- FIG. 14 illustrates the structure of an antenna body of a 

trically conductive plate 211 is bent at a right angle to the portable wireless apparatus (slot antenna device) according 

plane of plate 211. The bent portions 213a, 213b are located 30 to a first modification of the third embodiment 

adjacent to an outer peripheral side of the circuit board 22. An antenna body 21g of this embodiment has a reflecting 

Accordingly, a top 210a (a first leg portion) of antenna body plate 214 located behind an electrically conductive plate 211 

2ld extends in the X direction, a side 2106 (a connecting in which a slot 212 is formed. In this embodiment, a 

portion) extends in the Z direction and a bottom 210c (a dielectric material 215 is filled between the electrically 

second leg portion) also extends in the X direction. The 35 conductive plate 211 and the reflecting plate 214. The slot 

circuit board 22 is held between the top 210a and the bottom 212 of the electrically conductive plate 211 also is filled with 

210c and directly contacts top 210a and bottom 210c. The the dielectric material 215. Accordingly, the antenna body 

electrically conductive plate 211 and the circuit board 22 can 21g can respond to relatively long wavelength even if the 

be electrically connected by directly soldering them, or by slot 212 is short Additionally, the reflecting plate 214 serves 

making use of terrninals bent in a predetermined configu- 40 to improve the sensitivity from the top side, 

ration for example. The antenna body 2lg formed in this way can be formed 

The antenna body 21o" constructed in this way can be by adhering the electrically conductive plate 211 and the 

lengthened within the space that the circuit board 22 occu- reflecting plate 214 on the top and bottom of the dielectric 

pies. The antenna body 21d has a slot 212 both at the top material 215 which was shaped in predetermined configu- 

surface and the bottom surface of the circuit board 22. The 45 ration. In the antenna body 2lg, the electrically conductive 

conductor pattern formed In the circuit board 22 functions as plate 211 and the reflecting plate 214 can be electrically 

a reflecting plate to the antenna body ltd both at the top and connected along a side of the dielectric material 215. 

the bottom. Hence, the antenna body 21d has a high sensi- Second Modification of Third Embodiment 

tivity toward both the top and the bottom. The antenna body 2lg shown in FIG- 14 can be formed by 

Fourth Modification of Second Embodiment so fabricating an electrically conductive plate 211. a reflecting 

If a gap In which to mount parts is to be secured between plate 214, and the dielectric material 215 all on one circuit 

the antenna body 21o" and the circuit board 22, as in an board 22. That is, a two-sided printed board (two-sided 

antenna body 2lc shown in FIG. 12. bent parts 213c and copper-clad glass epoxy laminate) is employed as the circuit 

2L3J in addition to bent parts 213a and 2136 are formed on board 22, and the electrically conductive plate 211 in which 

the ends of both leg portions. Ends 210a* and 210* of the 55 the slot 212 is formed is formed as a conductor pattern by 

electrically conductive plate 211 are bent toward the circuit patterning a metal layer (copper layer) on the top surface of 

board 22 at the bent parts 213c and 213J. In this case, parts board 22. The reflecting plate 214 is left on the bottom 

can be mounted between the antenna body 21e and the surface of circuit board 22 as a conductor pattern in an area 

circuit board 22. and the antenna body 21c can be firmly opposed to the electrically conductive plate 211. If the 

fixed on the circuit board 22 and can be electrically con- 60 antenna body 21g is formed in this way. an antenna body 21g 

nected with the circuit board 22 by soldering the ends 210d can be easily manufactured in which the dielectric material 
and 210c of the antenna body 21c 00 a conductor pattern of 215 (eg. glass epoxy) is filled between the electrically 

the circuit board 22. conductive plate 211 and the reflecting plate 214, and inside 

Third Embodiment of the slot 212. 

FIG. 13 illustrates an antenna body of a portable wireless « It is possible to form the electrically conductive plate 211 

apparatus (slot antenna device) according to a third embodi- and the reflecting pi ate 214 as a conductor pattern by 

meat of the invention. employing a flexible tape as the circuit substrate 22 on both 
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sides of which a metal layer is printed, and by patterning the aUd to each c^and^ced ^^"^^^ 
metal layer in a predetermined configuration on both sides of termined gap 34. Metal plates can be employed as i tte fir* 
Sempe y inthis^sincemeameanabody2Ucanbebeot and second electrically conductive plates 32 and » to 
freely Tme antenna body 21g can be placed in a narrow space addition for instance an 
such as the inside of a wristwatch. * deposited on the inside of a pkstic case of 

R^th Fmhodiment wireless apparatus can be used as the conductive plates. The 

TO. lSUhXtes the structure of an antenna body and a material is not limited as long as it has a sufficiently high 
circuit board of a portable wireless apparatus (slot antenna electrical conductivity. 

Hce) ac^ordmg fourth embodiment of the invention The first and second eiecmcaDy cooductivep iates. 32and 
An antenna body 2lh of this ernbodiment also employs a 10 33 are electrically connected by a short circuit plate 35 (a 
two-sided printed substrate as a circuit board 22. and pat- connecting portion) at an edge portion on one side, and at a 
terns a metal layer conductor pattern on both side, to form neighboring edge portion, a wireless apparatus circuit block 
an electrically conductive plate 211 in which a slot 212 is 36. in which a wireless apparatus circuit is formed, is 
formed and a reflecting plate 214. Since the electrically electrically connected atfoed points 37a and 37fc 
conductive plate 211 is formed by patterning the metal layer 15 The antenna body 31* formed in this way has. on the outer 
oTfcS^d 22. it can £ft™d in a variety* periphery side of the first t and I secon d ^clec^caUy^nductive 
c^nSguraTons (i.e., shapes). Accordingly, the electrically plates 32 and 33 a slot 342 formed W *^ £ 
conductive plate 211 and die slot 212 can be formed with a 342 starts from the forming position of the short ^irc^plate 
bend so that U has an L shape including a bend part 213* 35, passes along the outer P^;****"^^ 
Thus, it is easy to form the slotted plate with a longer size 20 electricaUy conductive plates 32 and 
on a circuit substrate 22 having a predetermined area. The short circuit plate 35. This structure functions as a slot 
electrically conductive plate 211 can be designed to have a antenna. . (inn 

configuration that corresponds to a configuration of a case Furmermore. the slot 342 is open m every ^(« a 
forTportable wireless apparatus, for example. For instance, plane containing the plates), with the width of the slot 
Z clerically conductivTplate 211 can have a rectangular 25 corresponding to the distance 

7™ by placing four bendsTit, or it can have a circular electrically conductive plates32 and 33 <Le the widtii of 
cX P^eiyby forming it with one continuous bend. gap 34). Accordingly, compared ^ a slot anten^ which 
TtSKenTSnoe the antenna body 21A is part of a slot extends in a straight line in me antenna body3W 
the circuit board 22, the device can be rniniaturized and this embodiment a mode resulU in wbdnk j antenn^ 
thinned. In particular, when the outer periphery of the circuit 30 acts compoundly. Therefore both ^°^* c ™^ 
board 22 and the electrically conductive plate 211 are nents are effectively received or transmitted, and the antenna 

circular, they are appropriate for being contained in a body 31a has high antenna gain 

S case for a wristwaXAdditionally, since the elec- In FIG- 18. the dnxctmty *™^?*^£T* 
trically conductive plate 211 itself is a conductor pattern, a body 31a of this enmodiment. which has toe ; dot 34 2 in die 
mn^capacitance dement (capacitor) 221 can be mounted 35 shape of a rectangle are shown by ****** ^ "* ■ 
on m!m?cf^ electrically conductive plate 211 across the compared witt. the directiviry <^«™* a ^™J y * 
. 21 , p dotted line A2).of a slot antenna having a same size slot 

It also is possible to make use of a through-hole formed extending in a straight line. Each value is shown by a relative 
in the circuit board 22 to electrically connect the electricaUy ratio to the maximum value of theantenna gam and is a 
conductive plate 211 and the reflecting plate 214. 40 directivity on a horizontal P^ 0 ^^*^^^; 

The reflecting plate 214 is opposed to the electrically ity characteristics, die antenna ^J-^^^^i 
conductive plate 211 and has an area larger than the area of has an antenna gam improved by several dB over Ae 
fte conductive plate 211. Ground electric potential can be antenna gain oi in the ^^"^/f*^**? 

.J j _ -a^rtino nl«te 214 antenna body 31o in this embodiment has a pattern that is 

^ssfctete^ « -ore roun/than that of the cornparative ~ 

plate 211 or the reflecting plate 214 of the conductor pattern null point is on the decrease and « 
ofthe circuit board 22. as shown in an antenna body 21i in Accordingly, the antenna body 31a in this c ^*^ taj * 
HG 16. That Is., in the antenna body 2U the electricaUy be thinned and also is highly sensitive; therefore, it is 
conductive plate 211 is formed separate from the circuit appropriate for a P^ c J^ kss ^P^* „ 
board 22. and then is fixed on an opposite surface of the 50 • For the purpose of reinforcing die antenna body 3U a 
c^t board 22 from the reflecting plate 214. The reflecting ^cmatoiaL for; 

olate 214 is cornoosed of a pattern formed in a metal layer Particularly, if a dielectric material with a low loss is 
fj^Suit ££\l The electricaUy con- inserted in the gap 34. the slot 1342 is ^MfeMU 
ductive rifate 211 has terminals 211a to 21W on its outer material and the wavelength of received decttornagnetic 
r«ipheral side. Terminals 211a to 21W are soldered on the 55 waves can be apparently shortened ^senuemly even* 
conductor pattern of the circuit board 22. the antenna body 31a is small-sized, it can receive electto- 

U a midSayer board having four or six metal layers is magnetic waves having a ^^^^f^ 
employed in the fourth embodiment, the electricaUy con- Furthermore, antenna gain can be unproved without eularg- 
ductive plate or the reflecting plate can be composed of any ing me antenna body 31a 

«f mrifll lavers. €0 By setting the position of the feed points 37a and 37b in 

Fu^SSm^t an optimum po^on based on the impedance matching of 

FIG. 17 illustrates the structure of an antenna body of a the antenna body 31n and the wnrless apparatus circuit 
portable wireless apparatus (slot antenna device) according block 36. high sensitivity can be obtained. The shcrtarcutt 
Wfffth embodimeTof the invention. part 35 can have any structure. For example, it can be a part 

la an antenna body 31a of this embodiment a first 65 of each of the electrically conductive plates^ or U can be 
rectangular electricaUy conductive plate 32 and a second fixed to each electricaUy conductive plate by means of a 
rectangular electricaUy conductive plate 33 are placed par- screw connector, for example. 
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First Modification of Fifth Embodiment x periphery of the first electrically conductive plate 32 is bent 

FIG. 19 illustrates the structure of an antenna body of a toward the second electrically conductive plate 33 to form a 
portable wireless apparatus (slot antenna device) according , side portion 321. while the outer periphery of the second 
to a first modification of the fifth embodiment , electrically conductive plate 33 is bent toward the first 

In an antenna body 316 in this embodiment the first 5 electrically conductive plate 32 to form a side portion 331. 
rectangular electrically conductive plate 32 and the second. ' A gap 34 and a slot 342 are arranged between a lower edge 
rectangular electrically conductive plate 33 are placed par- ' of the side portion 321 and an upper edge of the side portion 
allel to each other across a predetermined gap 34. and a short j 331. 

circuit plate 35 is formed at an edge portion on one side to J In the antenna body 31a" formed in this way. the width of 
electrically connect the first and second electrically conduc- [to the gap 34 (width of the slot 342) determines the tuning 
tivc plates 32 and 33. frequency. For example, when the frequency is high 

In this embodiment a tuning capacitance element 38 is (wavelength is short), the width of the slot 342 needs to be 
electrically connected with the first and second electrically reduced. For example, when the frequency is 100 raMHz, 
conductive plates 32 and 33 across slot 342 at an edge the appropriate width of the slot 342 is about 5 to 9 ram. 
portion of plates 32. 33 on the opposite side of the short 1 5 When the frequency is 300 mMHz, the appropriate width of 
circuit plate 35. This connecting position corresponds to the the slot 342 is about 3to 7 mm. The width of the slot 342 
position in which the tuning capacitance element (capacitor) can be adjusted without changing the basic design condi- 
38 is electrically connected with the antenna body 3U> in the lions in the antenna body 314 in this embodiment, 
lengthwise center of the slot 342. In other words. In this embodiment the width of the slot 

The tuning capacitance element 38 makes the antenna 20 342 can be adjusted to an appropriate value (to a tuning 
body 316 tune even if the outer peripheral size of (he first frequency) by establishing the side portions 321 and 331 in 
and second electrically conductive plates 32 and 33. that is. the first and second electrically conductive plates 32 and 33 
the length of the slot 342, is shorter than the size cone- without changing the opposition distance of the first and 
sponding to a half wavelength of the frequency being used. second electrically conductive plates 32 and 33, or by 
Furthermore, the tuning capacitance element 38 is placed in 23 changing their widths. Accordingly, the tuning frequency 
the lengthwise center of the slot 342 (as measured from short can be changed without changing the design of a case for a 
circuit plate 35) to maximize antenna gain. The reason wQl wireless apparatus main body that contains the first and 
be explained below by comparing the antenna body accord- second electrically conductive plates 32 and 33. the member 
ing to the firm embodiment and the antenna body 316 in this to fix the first and second electrically conductive plates 32 
first modification of the fifth embodiment As shown in FIG. 30 and 33 to each other, etc 
2* A, in the antenna body 31a (FIG. 17) not employing a Fourth Modification of Fifth Embodiment 
tuning capacitance element because the amplitude I of an FIG. 23 illustrates an antenna body of a portable wireless 
electric current generates a sine wave, the antenna body apparatus (slot antenna device) according to a fourth modi- 
resonates when half wavelength and the length of the slot fi cation of the fifth embodiment 

342 coincide. On the other hand, as shown in FIG. 2MB. in 35 In a portable wireless apparatus in this embodiment, 
the antenna body 316 having the tuning capacitance element compared with the antenna body 3 Id according to the third 
38 in the lengthwise center of the slot 342 (FIG. 19), since modification of the fifth embodiment a wireless apparatus 
the amplitude I of an electric current changes suddenly due circuit block 36 is placed between the first electrically 
to the tuning capacitance element 38, the wavelength is conductive plate 32 and the second electrically conductive 
apparently shortened. Additionally, as shown in FIG. 29B, if 40 plate 33, not outside the antenna body 3ldL Consequently, no 
the tuning capacitance element 38 is placed in the center of additional space (area) is required to hold the wireless 
the slot 342, an electric current can be balanced on both apparatus circuit block 36. Hence, the portable wireless 
sides. Accordingly, the maximum electric current can be apparatus can be further miniaturized 
applied to the antenna body 316, hence improving the Fifth Modification of Fifth Embodiment 
antenna gain. *5 FIG. 24A illustrates the structure of an antenna body of a 

Second Modification of Fifth Embodiment portable wireless apparatus (slot antenna device) according 

FIG. 21 illustrates the structure of an antenna body of a to a fifth modification of the fifth embodiment 
portable wireless apparatus (slot antenna device) according An antenna body 31e of a portable wireless apparatus in 
to a second modification of the fifth embodiment. this embodiment compared with the antenna body accord- 

In an antenna body 31c of this embodiment, compared so ing to the fourth modification of the fifth embodiment has 
with the first modification of the fifth embodiment feed a rectangular aperture 329 in the center of the first elcctri- 
points 371a and 3726 are placed on the same edge portion cally conductive plate 32. and a rectangular aperture 339 in 
side of plates 32. 33 as connection points 38a and 386 of the the center of the second electrically conductive plate 33. The 
tuning capacitance element 38. That is. in this embodiment portable wireless apparatus is miniattnized further by plac- 
since the feed points 371a and 3726 and the connection 55 ing a wireless apparatus circuit block 36 in the center 
points 38a and 386 are side by side, the tuning capacitance between the first electrically conductive plate 32 and the 
element 38 can be mounted in a wireless apparatus circuit second electrically conductive plate 33. The positions of the 
block 36 together with the wireless apparatus circuit apertures 320 and 339 correspond to the position of the 
Accordingly, the number of parts in the assembly can be wireless apparatus circuit block 36. Since the apertures 329 
decreased and the structure can be simplified, hence rcduc- 60 and 339 are larger than the area occupied by the wireless 
ing costs. apparatus circuit block 36. the upper and lower sides of the 

Third Modification of Fifth Embodiment wireless apparatus circuit block 36 are open (that is, entirely 

FIG. 22 illustrates an antenna body of a portable wireless accessible), 
apparatus (slot antenna device) according to a third modi- In the antenna body 31* formed in this way (as in the FIG. 
fication of the fifth embodiment. 65 23 antenna body), because the wireless apparatus circuit 

In an antenna body 31J in this einbodiment. compared block 36 is located between the first and second electrically 
with the first modification of the fifth embodiment the outer conductive plates 32 and 33. the first and second electrically 


06/28/2004, EAST Version: 1.4.1 


5,757,326 

17 18 

conductive plates 32 and 33 easily catch noise generated by a case for a witstwatch-type portable wireless apparatus. The 

the wireless apparatus circuit block 36. In the embodiment second electrically conductive plate 33 also serves as a 

of FIG. 24 A. however, since the apertures 320 and 330 are bottom cover to cover the back of a case forming the 

formed in the position corresponding to the wireless appa- wristwatch-type portable wireless apparatus. Accordingly, 

ratus circuit block 36. the electric field occurring between 5 there is no aperture in the center of the second electrically 

the first and second electrically conductive plates 32 and 33 conductive plate 33. unlike in the fifth modification of the 

is concentrated on the outside of the conductive plates 32 fifth embodiment but the wireless apparatus can be easily 

and 33. and does not occur near the wireless apparatus removed at the back of the case (Le.. the first electrically 

circuit block 36. Consequently, since the noise generated by conductive plate 32). 

the wireless apparatus circuit block 36 does not disturb the io A side portion 325 of the first electrically conductive plate 

electric field occurring between the first and second electri- 32 has a cutout 329 with a short circuit part 35 as a 

cally conductive plates 32 and 33. there is little noise protruding convex member remaining in an edge 326. A 

influence from the circuit block 36. and antenna gain spacer 327 composed of an insulating material such as 

improves. pltstic is fixed in the cutout 329. Accordingly, if the back of 

For instance, the directivity characteristics of the antenna u the first electrically conductive plate 32 is covered with the 

body 31* is as shown by dotted line B2 in FIG. 24B. When second electrically conductive plate 33 after the wireless 

the antenna body 31e in this embodiment is placed in a apparatus circuit block 36 is contained inside the first 

breast pocket of a user, the directivity characteristic is shown electrically conductive plate 32. the slot 342 is maintained 

by solid line Bl. Each value is shown by a relative ratio to because the spacer 327 is located between them. The first 

the maximum value of the antenna gain and is a direction on 20 electrically conductive plate 32 and the second electrically 

a horizontal plane. Comparing these characteristics, the conductive plate 33 are electrically connected by the short 

image effect of a human body improves antenna gain several circuit 35. Accordingly, in this embodiment, the antenna 

dB in front of the human body (0° direction), therefore it is body 31/having the first electrically conductive plate 32. the 

suitable for a portable wireless apparatus such as a pager. spacer 327 and the second electrically conductive plate 33 

As shown in FIG. 24A if a liquid crystal display panel 25 also functions as a slot antenna. 

361 is placed on the top of the wireless apparatus circuit fame wristwatch-type portable wireless apparatus formed 

block 36 and information is displayed thereon, the informs- in this way, in which information is displayed on a display 

tion can be seen through the aperture 320 of the first device such as a LED. the liquid crystal display panel 

electrically conductive plate 32. Since the aperture 330 of formed on the top of the wireless apparatus circuit block 36 

the second electrically conductive plate 33 opens the bottom 30 can be seen through the aperture of the first electrically 

of the wireless apparatus circuit block 36. it is easy to conductive plate 32 (Le.. the case), 

exchange a battery fitted inside the wireless apparatus circuit In this embodimenL the antenna body 31/and the wireless 

block 36. Consequently, a wristwatch-type portable wireless apparatus circuit block 36 constitute a circuit shown in FIG. 

apparatus as shown in FIG. 25 can be constructed using the 27 A. In order to carry out unbalanced feed to the antenna 

antenna body 31e. 35 body 31/ a feed point 371a of the first electrically conduc- 

FIG. 25 is an exploded view of the wristwatch-type tivc plate 32 is electrically connected with a feed circuit 361 

portable wireless apparatus as viewed from the back This of the wireless apparatus circuit block 36 through an antenna 

wristwatch-type portable wireless apparatus has an aperture tenninal 373. A feed point 3726 of the second electrically 

390 as a display on the surface of a case 39. Wrist bands 391 conductive plate 33 is electrically connected with a ground 

and 392 are connected to both sides of the case 39. After the 40 terminal 362 of the wireless apparatus circuit block 36. In 

first electrically conductive plate 32, the wireless apparatus such a connection structure, by changing the set position of 

circuit block 36. and the second electrically conductive plate the feed points 371c and 3726 at the outer periphery of the 

33 are sequentially contained in the case 39. the back of the first and second electrically conductive plates 32 and 33 and 

case 39 is covered with a bottom cover 393 to form the setting the distance between the feed points 37 \n and 3726 

wristwatch-type portable wireless apparatus. 45 and the tuning capacitance element 38 at optimal conditions. 

In the wristwatch-type portable wireless apparatus formed the impedance matching between the antenna body 3 1/ and 

in this way. the information displayed on the display device the wireless apparatus circuit block 36 can be realized. 


such as the liquid crystal display panel formed on the top of 
the wireless apparatus circuit block 36 can be seen through 


On the other hand, in order to carry out balanced feed to 
the antenna body 31/ a circuit shown in FIG. 27B is formed. 


the aperture 390 of the case 39 without being obstructed by 5a In this circuit, a feed point 371a of the first electrically 

the first electrically conductive plate 32. Since the antenna 1 conductive plate 32 is electrically connected with a feed 

body 31e is completely covered with the case 39 and the 1 circuit 361 of the wireless apparatus circuit block 36 through 

bottom 393, there is no need to consider resistance to tan antenna terminal 373, and a feed point 3726 of the second 

corrosion, resistance to abrasion and so on of the material ^electrically conductive plate 33 is electrically connected 

forming the antenna body 31*. Accordingly, the antenna 55 with a feed circuit 361 of the wireless apparatus circuit block 

body 31e can be composed of a metal material with low 36 through an antenna terminal 374. In such a connection 

resistance to corrosion but with high electrical conductivity structure, by changing the set position of the feed points 

such as copper to improve antenna gain. 371a and 3726 at the outer periphery of the first and second 

Sixth Modification of Fifth Embodiment electrically conductive plates 32 and 33 and setting the 

FIG. 26 illustrates the structure of a portable wireless 60 distance between the feed points 371a and 3726 and the 

apparatus (slot antenna device) according to a sixth modi- tuning capacitance element 38 at optimal conditions, the 

fication of the fifth ernbodiment. impedance matching between the antenna body 31/and the 

In an antenna body 31/ of a portable wireless apparatus in wireless apparatus circuit block 36 also can be realized, 

this ernbodiment, the first electrically conductive plate 32 Sixth Embodiment 

and the second electrically conductive plate 33 arc opposed 65 FIG. 28 illustrates the structure of an antenna body of a 

to each other across a slot The first electrically conductive portable wireless apparatus (slot antenna device) according 

plate 32 has an aperture 320 in its center and also serves as to a sixth ernbodiment of the invention. 

t H 
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Ad antenna body 41a In this embodiment has a first 442 is defined by a glass epoxy substrate of the circuit board 

electrically conductive plate 42 and a second electrically 47. A short circuit 45 of the first and second electrically 

conductive plate 43 placed parallel to each other across a conductive plates 42 and 43 is a conductive build-up formed 

predetermined gap 44. The first and second electrically inside a tbrougb-hole formed in the circuit board 47. 

conductive plates 42 and 43 are electrically connected to 5 In this embodiment, the first and second electrically 

each other by a short circuit 45 at an edge portion on one conductive plates 42 and 43 are formed in a left half 47a of 

side. Accordingly, the antenna body 41a has a slot 442 the circuit board 47. A right half 476 adjacent to the left half 

formed at the outer periphery of the first and second dec- 47a in a plane direction is used as a formation area of the 

trically conductive plates 42 and 43 by the gap 44 extending wireless apparatus circuit. A conductor pattern 475 is formed 

from the short circuit 45 around the outer periphery of the to in the boundary between the right half 476 and the left half 

first and second electrically conductive plates 42 and 43 to 47a, and a coupling capacitor 491 is mounted to the coo- 

the short circuit 45. Consequently, the antenna body 41a ductor pattern 475 and the first electrically conductive plate 

functions as a slot antenna. 42. 

In this embodiment, the first and second electrically The coupling capacitor 491. as shown in FIG. 30. elec- 

conductivc plates 42 and 43 are comprised of a conductor is trically connects the antenna body 416 and a transistor 490 

pattern made by patterning a metal layer (e.g.. a copper that operates as an amplification circuit in the first stage of 

layer) on both (top and bottom) sides on the periphery of a the wireless apparatus circuit The connection position (feed 

circuit board 47 (two-sided copper-clad glass epoxy point) of the coupling capacitor 491 and the antenna body 

laminate). Accordingly, the gap 44 is the glass epoxy of the 416 is located approximately in the center between the 

circuit board 47. and the short circuit 45 is a conductive 20 formation position of the short circuit 45 and the connection 

build-up formed inside one or more through-holes 471 of the position of the tuning capacitance element 48, and performs 

circuit board 47. impedance matching between the antenna body 416 and the 

Furthermore, in this embodiment, in order to connect a , wireless apparatus circuit to the slot 442. 

tuning capacitance element (capacitor) 48 with both of the i Since the antenna body 41b formed in this way is formed 

first and second electrically conductive plates 42 and 43. a 25 in the area distant from the wireless apparatus circuit 

conductor pattern 472 is formed inside the first electrically ; (transistor 490) on the circuit board 47. it is not influenced 

conductive plate 42 on the top surface of the circuit board \ by noise generated by the wireless apparatus circuit 

47. and a conductor pattern 473 is extended inward from the ' Second Modification of Sixth Embodiment 

second electrically conductive plate 43 at the bottom surface FIG. 31 illustrates the structure of an antenna body of a 

of the circuit board 47. The conductor patterns 472 and 473 30 portable wireless apparatus (slot antenna device) according 

are electrically connected through a conductive build-up to a second modification of the sixth embodiment. FIG. 32 

formed inside a through-hole 474 of the circuit board 47. is an exploded view of an electrically conductive plate of the 

The tuning capacitance element 48 is mounted to the first FIG. 31 antenna body. 

electrically conductive plate 42 and the conductor pattern In an antenna body 41c in this embodiment, as in the first 

472 on the top surface of the circuit board 47. The tuning 35 modification of the sixth embodiment, the first conductor 

capacit ance element 48 is a chip capacitor, a varactor diode, , pattern 42a and the second conductor partem 43a are formed 

etc. and Is electrically connected with the first and second by patterning a metal layer on both sides of a circuit board 

electrically conductive plates 42 and 43 over the gap 44 (slot 47, and a gap 44 between them is a glass epoxy substrate of 

442) via through hale 474. The connection position of the . the circuit board 47 and is employed as a slot 442. 

tuning capacitance elemcot 48 is opposed to the short circuit 40 Furthermore, first and second rectangular electrically con- 

45 and corresponds to the lengthwise center of the slot 442 / ductive plates 42b and 43b are soldered on the top of the first 

as measured from the short circuit 45. and second conductor patterns 42a and 43a. Accordingly, in 

In (he antenna body 41a formed in this way, the first and the antenna body 41c, the first conductor pattern 42a and the 

■ second electrically conductive plates 42 and 43 can have first electrically conductive plate 42b are united to form one 
/' other configurations by changing the patterning configurer 45 conductor,' and the second conductor pattern 43a and the 

tion of the metal layer on both sides of the circuit board 47. second electrically conductive plate 436 are united to form 
while mamtaining the width of the gap 44 (slot 442) uni-, one conductor. Consequently, in this embodiment, compared 

form. The slot width can be correctly designed by varying \ with the antenna body according to the FIG. 29 embodiment 

the thickness of the circuit board 47. Moreover, since the \ since the electrical conductivity of the first and second 

thin antenna body 41a can be formed, it is appropriate for 50 electrically conductive plates 426 and 43b contributes to the 

being placed in a portable wireless apparatus such as a pager. ' overall conductivity of each rectangular conductor, the resis- 

\ The tuning capacitance element 48 also can be mounted as j tance loss of the antenna body 41c is reduced and the 

■ a separate electronic part to constitute the wireless apparatus • sensitivity improves. In this embodiment the first and 
' circuit Furthermore, since the first and second dectrically j second electrically conductive plates 426 and 436 have a 

conductive plates 42 and 43 are conductor patterns patterned 55 cut-out part; but they can be complete loops, 

along the outer peripheral edge of the circuit board 47, the / Seventh Embodiment 

antenna is long and the wireless apparatus circuit can be j FIG. 33 illustrates the structure of an antenna body of a 
placed inside the inner periphery of the conductor patterns. ' portable wireless apparatus (slot antenna device) according 

First Modification of Sixth Embodiment to a seventh embodiment of the present invention. In this 

FIG. 29 illustrates the structure of an antenna body of a 60 ernbodiment. a slot antenna is composed of a circuit board 

portable wireless apparatus (slot antenna device) according and a conductor separate from the circuit board, 

to a first modification of the sixth ernbodiment. In the drawing, in an antenna body 51a in this 

In an antenna body 416 in this ernbodiment the first and embodiment, first and second metal wires 52 and 53 function 
second electrically conductive plates 42 and 43 also are as conductors and are soldered on conductor patterns 541. 

composed of a conductor pattern made by patterning a metal 65 542 and 543 formed on both sides of a circuit board 54 
layer on both sides of a circuit board 47 (two-sided printed (two-sided circuit substrate). Accordingly, there is a gap 55 
substrate). Accordingly, a gap 44 which functions as a slot formed between the first and second metal wires 52 and 53. 
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In the conductor pattern 543. a short circuit 56 to electrically plates 62 and 63 making use of this gap. without establishing 
connect the first and second metal wires 52 and 53 is the above-mentioned space to me right of the antenna body 
comprised of a conductive build-up formed inside a through- 616. 

holeMO of the circuit board. As shown in FIG. 37. when the first and second electn- 

ConsequenUy. as shown in HG. 34. since a slot 550 is 5 cally conductive plates 62 and 63 are composed only of parts 
formed between the first and second metal wires 52 and 53 corresponding to the side portions 621 and 631 and have a 
in a path extending from the short circuit 56 around the rectangular frame shape, it is possible to fix the first and 
peripheries of the wires 52, 53 and ending at the short circuit second electrically conductive plates 62 and 63 on the circuit 
sTthe antenna body 51* functions as a slot antenna. board 64 and the slot width can be adjusted by making use 

A tuning capacitor 57 is mounted between the conductor 10 of the terminals 62a to 62c and 63a to 63c. In this case, toe 
pattern 541 and an adjacent conductor pattern 545. A ecu- wireless apparatus circuit block also can be placed inside the 
nW capacitor 58 is mounted between the conductor pattern first and second electrically conductive plates 62 and 63. and 
542 and an adjacent conductor pattern 544. The coupling a liquid crystal display panel and so on can be formed on the 
capacitor 58. as shown in FIG. 34. is electrically connected top of the wireless apparatus circuit block to display intor- 
with an amplification circuit 59 (e.g., a transistor) of a is mation. 

wireless apparatus circuit through the conductor pattern 544. Furthermore, as shown in FIG. 38. it is possible to form 
As is dear from the foregoing explanation, in this the side portion 621 and the terminals 62a to 62c only in the 
embodiment, since the antenna body 51a includes the con- first electrically conductive plate 62 having an aperture 620 
ductor patterns 541 and 542 of the circuit board 54 and the approximately in the center, and to form the second electn- 
through-holc 540. the antenna body 51a can be easily fixed 20 cally conductive plate 63 as a planar plate witiiout any 
and electrically connected. terminals. In this case, the slot width also can be adjusted by 

Egfath Embodiment the length of the terminals 62a to 62c on the side of the first 

An antenna body 61a can be comprised of the first and electrically conductive plate 62. 
second rectangular frame-shaped electrically conductive Ninth Embodiment ^ . 

plates 62 and 63 shown in FIG. 35 instead of the first and 25 FIG. 39 illustrates the structure of an antenna bodyof a 
second metal wires 52 and 53. In this case, first and second portable wireless apparatus (slot antenna device) according 
electrically conductive plates 62 and 63 are soldered on to a ninth embodiment of the invention 
conductor patterns 641. 642 and 643 of a circuit board 64. A ceramic substrate 74 on both faces of which the first and 
A tuning capacitance element 65 and a coupling capacitor 66 second metal layers 72 and 73 are formed is employed in an 
are electrically connected with the first and second electri- 30 antenna body 71a in this embodiment. A slot 740 is formed 
cally conductive plates 62 and 63 making use of conductor on the side 741 of ceramic substrate 74. A short circuit 75 to 
patterns 644 and 645 formed adjacent to the conductor conductively connect the first and second metal layers i 72 
patterns 641 and 642. Furthermore, a short circuit 68 to and 73 is formed in the lengthwise center of the side 741 of 
electrically connect the first and second electrically conduc- the ceramic substrate 74. . „ 

tivc plates 62 and 63 is located in a through-hole 640 formed 35 The antenna body 71a formed in this way can be easily 
to the circuit board 64 rniniaturized and thinned because the normal ceramic sub- 

Side portions 621 and 631 arc formed in the first and strate 74 can be cut in a predetermined size and the short 
second electrically conductive plates 62 and 63. circuit 75 can be coniprised of an decmcally conductive 
respectively, and the side portions 621 and 631 arc soldered coating layer, a build-up or a depos* on the side 741. Since 
onftc conductor patterns 641 and 641 Accordingly, since a 40 the slot 740 between plates 72, 73 ts filled wUh the ceramic 
eap is provided by the circuit board 64 between the first and substrate 74, the received wavelength can be apparently 
second I dectricaliy conductive plates 62 and 63, a tuning shortened. Accordingly, a small-sued antenna body can 
capacitance element 65 and the conductor pattern 644 can be receive electromagnetic waves having relatively long wave- 
placed inside the inner periphery of plate 62. length. 

First Modification of Eighth Embodiment 45 First Modification of Ninth Embodiment 

FIG. 36 illustrates the structure of an antenna body of a In the antenna body 71a according to ^V^**™ « 
portable wireless apparatus (slot antenna device) according the ninth embodiment, as shown in FIG. 40 side portons 
Cfint modificatiTof the eighth embodiment 721 and 731 are formed using an electrically conductive 

In mis embodiment, an antenna body 6lb is composed of coating layer, a build-up, or a deposit, etc. on the side 
the first and second electrically conductive plates 62 and 63 so portion 741 of the ceramic substrate 74 in such a way as to 
having side portions 621 and 631. from which terminals 62a connect with the first ^ ^ond rnc^ layers 72 and 73. A 
to 62c and 63a to 63c having the same length project. The gap between the side portions 721 and 731 defines a slot 70. 
terminals 62a to 62c and 63a to 63c are soldered on In this case, the width of the slot 76 can be adjusted by 
conductor patterns 641. 642 and 643. respectively, which are adjusting the width of the side portions 721 and 731, and 
fwmedm adrcuit board 64. « there is no need to change the thickness of the ceramic 

Accordingly, in the antenna body 61i> in this embodiment, substrate 74. 
a cap (slot) having a width corresponding to the thickness of Secood Modification of Ninth Embodiment 
thecircuit board 64 plus the length of the terntinals 62a to Furthermore, in accordance with a second ^modification itf 
62c and 63c to 63c is formed. Consequently, the width of the the ninth embodiment as shown in FIG. 41, both faces of the 
slot(^be<fcangedbycbjmgtogmelen^ » ceramic substrate 74 can be deposited with metal so that the 

62a to 62c and 63a to 63c. first metal layer 72 and the second metal layer 73 are located 

In this embodiment, a right half of the circuit board 64 is only on an edge portion of the ceramic substrate 74. without 
used to bold a wireless apparatus circuit- However, since the leaving a metal layer in the center of substrate 74. In mis 
terminals 62a to 62c and 63a to 63c expand the gap between case, a conductor pattern 742 to connect with the first metal 
the first and second electrically conductive plates 62 and 63 65 layer 72 and a conductor pattern 744 adjacent to the con- 
and the circuit board 64. the wireless apparatus circuit can ductor pattern 742 are formed on the surface of the ceramic 
be formed inside the first and second electrically conductive substrate 74. and a conductor pattern 743 to connect with the 


06/28/2004. EAST version: 1.4.1 


5.757,326 

23 24 

second metal layer 73 is formed on Ihe bottom of the priate. In this case, the electrically conductive members can 

ceramic substrate 74. The conductor pattern 743 is electri- be comprised of a conductor pattern formed on the surface 

cally connected with the conductor pattern 744 through a of the circuit substrate to decrease the number of parts, 

conductive material build-up in Hhrough-hole 740. While this invention has been described . m conjunction 

Ad^onXTS Stance element 78 can be dec- 5 with specific embodiments hereof it is evident that many 

a . uauy. 1 TcL ^TtlT^Z t«i t> alternatives, modifications and variations will be apparent to 

tncaUy connected wrth the first and ^^^^^ Accordingly, me preferred embodi- 

and 73 ova a slot 7 *\^^*™*^ a *™ meats of the invention as^foZherein ait intended to be 

element 78 to the conductor jpatterns 742 and 744 illustrative, not limitating. Various changes may be made 

Since an antenna body 71c formed in this way is a from the spirit and scope of the invention 

small-sized chip-like antenna body, it can be placed Id a to ^ ^g^inte fonowing claims, 

circuit board and so on as it is. Consequently, the antenna - s & 

body 71c is appropriate for a miniaturized and thinned j A doi ^tcim device comprising: 

portable wireless apparatus. a pair of electrically conductive members opposed and 

Other embodiments parallel to each other in distinct planes, and spaced 

In addition to each structure shown in the above- is from each other by a r^redeterrnined gap, a connecting 

mentioned embodiments and their modifications, it is pos- portion electrically connecting said pair of electrically 

sibie to combine various features of them. For example, the conductive members at a predetermined position along 

circuit structures illustrated in FIGS, 2 and 3 can be com- outer peripheries of said pair of electrically conductive 

bined with any of the embodiments or modifications thereof. members, wherein said outer periphery of at least two 

As explained above, in the present invention, a slot 20 adjacent edges of each of said pair of electrically 

antenna device having a slot antenna body formed by an conductive members is bent toward an other one of said 

electrically conductive plate having a slot can include a pair of electrically conductive members to form bent 

circuit substrate inserted in the slot Consequently, according portions defining a slot extending between said outer 

to the present invention, the antenna body, being a slot peripheries; and 

antenna, is sensitive to magnetic components, and can be 25 a wireless apparatus circuit coupled to said pair of elec- 

expected to have improved sensitivity when mounted on a trically conductive members. 

human body. Accordingly, the antenna body is appropriate J A slot antenna device according to 

for use in a portable antenna device such as a pager. Since «ud wireless apparatus circuit includes a orcint for trans- 

the circuit substrate is inserted in the slot, as when a '^JJcHJtenna dcvicc to claim 1. wherein 

didectr* material is filled in a stotthe » J^s ^ includes a circuit for rcceiv- 

received signals can be apparently shortened. Accordingly, . ^mals. 

even a small-sized antenna body can receive electromag- * Astot antenna device according to claim 1. wherein 

netic waves having a relatively long wavelength, ^ clcctri cally conductive members are metal plates. 

If an electrically conductive plate is bent (flexed) at right 5 A dot antenna device according to claim 1. further 
angles to its plane direction, the slot can face in two to four 35 comprising a tuning capacitance element electrically coo- 
directions, hence improving directivity characteristics of the necting said pair of electrically conductive members 
antenna. approximately at a center of a length of said slot as measured 

If an electrically conductive plate is opposed to (Le.. from said connecting portion, 

placed flat on) the surface of a circuit substrate in a slot 6. A slot antenna device according to claim 5. wherein 

antenna device having a slot antenna body defined by an 40 said toning capacitance element is a toning varaotor diode, 

electrically conductive plate having a slot, the antenna 7. A slot antenna device according to claim 1, wherein 

device can be thinned. " said pair of electrically conductive members have, on 

Furthermore, a reflector can be placed at the back of the opposed sides of said slot a first feed point attached to 

electrically conductive plate. Consequently, the reflector can terminals of said wireless apparatus circuit to define an 

improve sensitivity of the nuniaturized and thinned device. 45 unbalanced circuit and a ^^ed^^hed to a 

According to the present invention, since an electrically ground terminal of said wireless apparatus circuit 

on the surface of a circuit substrate, the number of parts can ™^ " ^JrSTL TfcS ^ocMattached to two 

be reduced thus further facilitating n^turization. fi^ t^^^^JSgt^ 

Id another aspect of the Invention, a slot antenna body is 50 w a VUUUM ^* 

formed making use of a pair of electrically conductive 9 A slot antenna device according to claim 5, wherein 

members opposed to each other across a gap which defines ^ ^gless apparatus circuit is electrically connected to 

a slot at the outer periphery of the electrically conductive ^ ^ ^ electrically conductive members at a pair of feed 

members. Consequently, a thin antenna body can be consti- points that are located at a different position from the 

tuted and an antenna body with improved directivity can be 55 position of electrical connection of said tuning capacitance 

formed because the slot opens toward the outer periphery. element to said pair of electrically conductive members. 

If an aperture is formed corresponding to the formation 10. A slot antenna device according to claim 9, wherein 

area of a wireless apparatus circuit in the electrically con- said pair of feed points are dectrically connected to said pair 

ducuvc member, the display on a display panel formed on 0 f electrically conductive members substantially halfway 

the top of the wireless apparatus circuit can be seen through 60 between the position of said connecting portion electrically 

the aperture of the electrically conductive member even if it connecting said pair of electrically conductive rnembers and 

is employed as a case main body. the position of said tuning capacitance element electrically 

Additionally, if the electrically conductive members are connecting said pair of electrically conductive members, 

formed on the surface and at the back of a circuit substrate 11. A slot antenna device according to claim 5. further 

in which a wireless apparatus circuit is formed, respectively. 65 coinprising a case that contains said wireless apparatus 

the antenna body can be thinned and the thickness of the circuit wherein said connecting portion is located on a side 

circuit substrate can be set so that the slot width is appro- of said case. 
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12. A slot antenna device comprising: 20. A slot antenna device according to daim 16. wherein 

a pair of clectricaUy conductive members opposed and said first and second electrically conductive members are 

parallel to each other in distinct planes, and spaced metal plates. ,, t . . . .„ 

fronTeacfa other by a predetermined gap, a connecting 21 A slot antenna device according to claim l^wherein 
P^ontectricaUy conne^d pa? of deM * said first and second elecuically ^^^^ 

conductive members at a predetermined position along on opposed sides of said slot a first feed point attached to 

^peripherics of said pair of dectricaUy conductive terminals of said wireless apj>ararus circuit to define an 

members whexein said outer periphery of at least two unbalanced circuit, and a second feed point attached to a 

adjacent edges of each of sdd pair of electricaUy ground terminal of sard wireless apparatus circa* 
conductiveliembers extends toward an other one of 10 21 A slot antenna device according to daim therein 

said pair of electrically conductive members to form said first and second electricaUy «»f^ >£^. ^ 

bent portions defining a slot extending between said on opposed sides of said slot a feed poin attached to two 

otttr^hcries; and termiDals of a balanced circuit of said wireless apparatus 

1* A slot antenna device according to data. 12. whedn "^^^T^Tto dain.23.wh.de 
be* of said pair of decoic^y concbc^vc mcm^hav. an » J*^£££%£2ffi£& varaaor diode 

aperture in n portion located adjacent to and opposed to sard "^^t^Tdevice according to data 23. wherdo 

circuit block. said tuninc capadtaoce element is electrically connected 

14. A slot antenna device according to data 13. wherein ^ ^ ^ ™ SK0Bd clcaiiaSiy ' eonductive 
a display patri i5 located on a portion of said arcurt block ^Zbtt L>u& a through-hole located in said circuit 
opposed to one of said apertures. substrate 

15. A slot antenna device according to daim 12, whexdn: 26. A slot antenna device according to daim 23, wherein 
a first one of said pair of electrically conductive members ^ ^ onft $M ^ ^ second dectricaUy conductive 

indudes an aperture in a portion located adjacent to and mcmbers is a conductor pattern formed on said circuit 

opposed to said circuit block, said first dectricaUy ^ substratc ^ 

conductive member defining a case main body for 27 A slot antenna device according to daim 23, wherrin 

defining an outer surface of said antenna device; at lcast onc of said ^ second electrically conductive 

a second one of said pair of dectricaUy conductive members is attached to a conductor pattern formed on said 

members defines a cover member for covering a back circuit substrate at a location corresponding to a predeter- 

opening of said case main body, and further comprising 35 position Q f said at least one electricaUy conductive 

an electricaUy insulative spacer located between said case member, 

main body and said cover member so that said slot is 28. A slot antenna device according to daim 27, wherein 

formed between said case main body and said cover sa id first and second electricaUy conductive members are 

member. electricaUy conductive wires. 

16. A slot antenna device comprising: 40 29. A slot antenna device according to daim 27. wherein 
a circuit substrate having a first surface, a second surface said first and second electricaUy conductive members 

fating in a direction opposite from said first surface, include terminals that project toward said circuit substrate 

and containing a wireless apparatus circuit; and and are attached to said conductor pattern on said circuit 

a first electrically conductive member located on said first substrate, 

surface of said circuit substrate, a second dectricaUy 45 30. A slot antenna device according to claim 16. wherein 

conductive member located on said second surface of said first and second electricaUy conductive members are 

said circuit substrate, said first and second dectricaUy located 00 a first area of said circuit substrate and said 

conductive members opposed to each other and spaced wireless apparatus circuit is located on a second area of said 

from each other in distinct planes by a predetenmned circuit substrate adjacent to said first area, 

gap. a connecting portion electricaUy connecting said so 31. A slot antenna device according to daim 16, wherein 

electricaUy conductive members at a predetermined said connecting portion is located in a through-hole of said 

position along outer peripheries of said dectricaUy circuit substrate. 

conductive members, said wireless apparatus circuit 32 A slot antenna device according to daim 16. wherein 

coupled to said first and second dectricaUy conductive said first and second electricaUy conductive members are 

members wherein said outer periphery of at least two 55 placed along an edge portion of said circuit substrate, 

adjacent edges of each of said electricaUy conductive 33. A wireless apparatus comprising: 

members is bent toward an other one of said dectricaUy a slot antenna circuit; 

conductive members to form bent portions defining a a connection circuit coupled to said slot antenna circuit; 

slot extending between said outer perfcheries. amplification circuit coupled to said connection circuit; 

17 A slot antenna device according to claim 16. wherein 60 ^ . *~ J „_ . 

sali wirdess^a^ circuit indudes « circuit for trans- • derooduLning circuit coupled to said amplification or- 

mitring signals. Cull, 

18. A slot antenna device according to claim 16. wherein said slot antenna circuit induding a pair of electrically 
said wireless apparatus circuit indudes a circuit for recdv- conductive members opposed and parallel to each other 
ing signals. « in distinct planes, and spaced from each other by a 

19. A slot antenna device according to claim 16. wherein r^etermined gap. a connecting portion electricaUy 
said circuit substrate is a circuit board. connecting said pair of electricaUy conductive mem- 
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bcrs at a predetermined position along outer peripheries 
of said pair of electrically conductive members; said 
connection circuit being coupled to said pair of elec- 
trically conductive members wherein said outer periph- 
ery of at least two adjacent edges of each of said pair s 
of electrically conductive members is bent toward an 
other one of said pair of electrically conductive mem* 
bers to form bent portions defining a slot extending 
between said outer peripheries. 

34. A wireless apparatus comprising: 10 

a slot antenna circuit; 

a connection circuit coupled to said slot antenna circuit ; 
an amplification circuit coupled to said connection circuit; 
a demodulating circuit coupled to said amplification or- l5 
cuit; 

said slot antenna circuit including a circuit substrate 
having a first surface, a second surface facing in a 
direction opposite from said first surface, and contain- 
ing said connection circuit said amplification circuit 20 
and said demodulating circuit; and a first electrically 
conductive member located on said first surface of said 
circuit substrate, a second electrically conductive mem- 
ber located on said second surface of said circuit 
substrate, said first and second electrically conductive 25 
members opposed to each other and spaced from each 
other in distinct planes by a predetermined gap. a 
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connecting portion electrically connecting said electri- 
cally conductive members at a predetermined position 
along outer peripheries of said electrically conductive 
members; said connection circuit coupled to said first 
and second electrically conductive members wherein 
said outer periphery of at least two adjacent edges of 
each of said of electrically conductive members is bent 
toward an other one of said electrically conductive 
members to form bent portions defining a slot extend- 
ing between said outer peripheries. 

35. A slot antenna device comprising: 

a pair of electrically conductive members in distinct 
planes separated by a gap, wherein each electrically 
conductive member is formed as a closed figure; and 

a conductor electrically connecting said pair of electri- 
cally conductive members and forming an electrical 
short across said gap, wherein said conductive mem- 
bers and said conductor form a continuous conductive 
antenna structure wherein an outer periphery of at least 
two adjacent edges of each of said pair of electrically 
conductive members is bent toward an other one of said 
pair of electrically conductive members to form bent 
portions defining a slot extending between said outer 
periphery of each of said pair of electrically conductive 
members. 

***** 
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